Inhibition of CRISPR/Cas9-Mediated Genome Engineering by a Type I Interferon-Induced Reduction in Guide RNA Expression.
Clustered regularly interspaced short palindromic repeat (CRISPR)/Cas9-mediated genome engineering technology is a powerful tool for generation of cells and animals with engineered mutations in their genomes. In order to introduce the CRISPR/Cas9 system into target cells, nonviral and viral vectors are often used; however, such vectors trigger innate immune responses associated with production of type I interferons (IFNs). We have recently demonstrated that type I IFNs inhibit short-hairpin RNA-mediated gene silencing, which led us to hypothesize that type I IFNs may also inhibit CRISPR/Cas9-mediated genome mutagenesis. Here we investigated this hypothesis. A single-strand annealing assay using a reporter plasmid demonstrated that CRISPR/Cas9-mediated cleavage efficiencies of the target double-stranded DNA were significantly reduced by IFNα. A mismatch recognition nuclease-dependent genotyping assay also demonstrated that IFNα reduced insertion or deletion (indel) mutation levels by approximately half. Treatment with IFNα did not alter Cas9 protein expression levels, whereas the copy numbers of guide RNA (gRNA) were significantly reduced by IFNα stimulation. These results indicate that type I IFNs significantly reduce gRNA expression levels following introduction of the CRISPR/Cas9 system in the cells, leading to a reduction in the efficiencies of CRISPR/Cas9-mediated genome mutagenesis. Our findings provide important clues for the achievement of efficient genome engineering using the CRISPR/Cas9 system.